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OVERVIEN ‘

We have carried out a one and one-half year study focusing on
problems related to the creation, testing, and distribution of mathe-

matical software. During this period we discussed these problems with

a number of individuals who are vitally concerned with their solution

and who are employed by government laboratories, umiversities, and pri-

vate industry. We chose to interview in deptl a relatively small group

of people who are very active in the mathematical software area, pre-

o

ferring this approach to a broad opinicn survey. We have gained in-

sight from extensive and intensive discussions with these experts and

they have expressed their interest in becoming invoived with a broadly
based attack on the problems.

We began with the belief, which has been strengthened, that there

is a need for better mathematical software than is currently available,
and that something can and should be done about it. Bad software resu’ts
in the degradation of the computer as an effective scientific tool. Wwhile
the waste in f{inancial and human resources implied by this fact is not
always dramatically obvious, its importance arises from the heavy depen-
dence placed by the scientific and engineering commmities on the computer.

Thus the consequences of bad software, while perhaps subtle, have a pro-

¥
Qﬁ found effect on the advance of science and technology.




(:; One common observation, illustrating the waste of re%ources, is
that many scientists write their own mathematical software. This prac-
tice is a result of their lack of trust in the software available to

| . them and the difficulties they encounter in obtaining and utilizing it.
Another form of waste.is illustrated by the large gap between the
development of algorithms and the implementation of these algorithms as
| computer programs. Progress in numerical mathematics in the last decade
has resulted in good methods for performing a number of fundamental
computations that arise in science and engineering. But during the same

period the complexity of computing systems has vastly increased, thus

.

enlarging the problem of nolding good software from good methods. The
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potential of the intellectual advances is not being realized.

Our conversations during the course of this study have convinced us

€3’ that resources exist which, if properly utilized and further developed,

can significantly improve this situation so that scientists and engineers

can be provided with mathematical software that they can use effectively,

|
|
that they can trust, and that will represent the state of the art in num- |
erical algorithms. We will attempt to distill and interpret those con-
versations in this report.
We recognize that the creation of good software is a difficult and
demanding endeavor requiring a variety of talents applied by t?e best people.
It cannot be successful without careful coordination of activities in rumer-
ical mathematics, program testing, documentation, and distribution. We have
|

formulated a recommendation for the first steps toward an organizational

structure within which experts in these fields can cooperate so that their

efforts lead to high quality mathematical software.
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After summarizing the purposes of this planning.study and the
activities in which we have engaged, we shall present brief synopses
of opinion on certain key issues. It would be surprising if there were
wnanimity among those actively engaged in a field as new and volatile
as the creation of mathematical software. However, we believe that
consistent patterns of opinion amount to a consensus on the major issues
and that the will exists to work out the operational details. We claim

that we have listened carefully and speak in good faith, but naturally

_we assume full responsibility for the interpretations and recommendation.

Several documents are attached and form an integral part of this
report. A list of them follows, together with the abbreviations we shall

use in making reference to them:

QR  Proceedings of the Software Certification Workshop held at

Snow Mountain Ranch, Granby, Colorado, August 27-30, 1972;
(this .5 document EM Ol 584)

DIS "Sumnary of Discussion Related To the Issue of the Creation,
Validation, and Distribution of Mathematical Software ,"
prepared by Dorothy Lang from notes of Wayne Cowell and
Lloyd Fosdick;

MSA  "A Mathematical Software Alliance" by Wayne Cowell and

Lloyd Fosdick, a working paper for discussion;

DSR  'Distributing Software Study and Report," by Dorothy E. lang

for Lloyd Fosdick and discussion.

Purposes of the Study

Three broad purposes were served by the activities in this study.

These were:

v ————— s W 47 Ve —Ass @




P1. To explore with the scientific computing commmity certain
basic questions regarding the creation, testing, and dis-
semination of high quality mathematical software. These
questions centered on the following issues:
a, The meaning of quality in software; ;
b. Education in software evaluation;
- c. Research in software evaluation;
d. Determination of user needs for mathemctical software;

e. The publication and distribution of algorithms and software.

P2. To prepare a conceptual plan for an organizational structure to
focus the processes of creating, evaluating, and disseminating '

mathematical software; to stimulate discussion of the plan.

P3., To use editorial activities connected with the Algorithms

Department of the Communications of the Association for Computing

Machinery as a proving ground for techniques in refereeing

algorithms submitted for publication.

Project Activities

In pursuit of the above purposes we:

Al. Conferred with about two dozen leaders concerning the questions

in P1 and P2; these discussions are summarized in DIS;

A2. Originated the concept of a "mathematical software alliance"
in response to P2; a description of the alliance as presented

for discussion is given in MSA;

A3. Conducted a Software Certification Workshop at Snow Mountain

€:> Ranch near Granby, Colorado, August 27-30, 1972. The proceedings

(SMR) were prepared by editing the tape recorded sessions;
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A4. Involved studert research assistants in editorial activities
and studies of techniques for software distribution; the re-
sults were reported by Lloyd Fosdick under Discussion Topic II
of SMR and by Dorothy E. Lang in DSR.

Brief Synopses

This seciion provides a condensation of opinion on various topics
and serves as a guide to documents where these opinions are more fully

expressed.

Software Quality

It is evident that the expression ''quality software'' connotes a
useful concept even though a precise definition proves to be elusive
and probably unnecessary. Attachment of this expression to a particular
piece of software is a subjective excrcise and, in the final analysis,
depends on the judgment of recognized experts. The idea of gquality
recognizes considerably more than characteristics of the software itself;
in particular, it includes such attributes as completeness of the docu-
mentation, performaﬁce of the program relative to its documentation,
comparison of the program with others of the same type in terms appropriate
to the problem, aid alequacy of continuing maintenance and support.

An important notion that emerged was reproducibility of results.
The analogy frequently drawn was with the scientific experiment, described
in sufficient detail to permit repetition by independent workers. It was
felt that a similar principle should apply to quality software, i.e., test

procedures should be described in sufficient detail to permit other users

to repeat them and reproduce the original resuits.
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It was observed that rigorous proofs of correctness do not exist |
for most practical programs and' the feeling was expressed that their s
existence is not on the near horizon. Correctness of practical pro-
grams will rely on certification procedures and imposition of structures
on program organization that permit easy testing and reduce the likeli-
hood of errors. Fommal correctness is an important long-tenn research

goal.

Pointers to further discussion:

Charactenizing software quality - Discussion sumaries, SR Topic I;

Draft definitioi of "certification," SMR, p. 59; Hull § Cowell, SMR

Topic I; Cody ['"The Evaluation of Mathematical Software" in Program
Test Methods, William C. Hetzel, ed., Prentice-Hall, 1973].

Evaluation methodofogy - Hull, Cowell, and Newbery, SR Tupic I.

Genenal - DIS, Sections I and II.C. (Note clarification cf IMSL position

in Battiste, SMR Topic VI.); Ng ['"Mathematical Software Testing Activities"

in Program Test Methods, William C. Hetzel, ed., Prentice-Hall, 1973].

Education and Internship

While there was general agreement that the subject of software evalua-
tion should be a component of a computer science curriculum, it was not
felt that specific courses on this subject were appropriate. Instead, the
attitude was that the study of evaluation and development of an apprecia-
tion of software quality should be part of other courses; for example,
courses in numerical mathematics. Internship programs, permitting on- the-job

training in the development of quality software, were also recommended as a

potentially productive mechanism for education in this area.
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Pointers to further discussion:

Couwnse design - Newbery, SR Topic II; Thacher discussion summary, SMR
Topic II; DIS, Section II.D.

On-the-job thaining - Fosdick, SMR Topic II; Thacher discussion summary,
SMR Topic II; DSR is the report of a student project.

Research Tn Software Evaluation

While research in numerical mathematics enjoys a high academic status
in departmeats of computer science, the same does not appear to be the rule
for research aimed at the creation of methc.s and tools for evaluation of
mathematical software. Part of this is simply a reflection of attitudes
with respect to "pure" and "apolied" research. However, this situation is
also due t- the fact that little academically oriented work has been done
in this area; consequently there are no established frames of reference.
Change is indicated and promising research programs in this area are being
initiated at some universities.

Applied research in software evaluation goes on in non-academic
institutions in response to missinn oriented needs. There is a recognition
that bridges joining such activities with those at universities would be

very beneficial and should be encouraged.

Pointers to further discussion:

Attitudes toward nesearch - Osterweil and Fairley discussion summaries,
QR Topic III.

Some. cwvent nesearnch dinections - Boyle and Fairley, SMR Topic III;
Sadowski, SR Topic III and with D. W. Lozier ["A Unified Standards Ap-

proach to Algorithm Testing" in Program Test Methods, William C. Hetzel,

ed., Prentice-Hall, 1973.]




General - Fritsch, SR Topic 1II; DIS, Section II.

Liaison with Users

Differences in interests and attitudes create commmication barriers
between users of mathematical software and the experts who create algorithms
and software. Frequently users fail to appreciate the difficult. - and
hazards of numerical computation with the result that they attempt to write
programs in simplistic ways, with poor results. Moreover, they are not
always sympa'chetic= to the investment required to.produce good software.

Keen awareness of the needs of the user community is uncommon among
mathematical software professionals.

Various methods of improving commmications have been suggested. These
include: small working seminars focusing on a particular applications area;
monitoring of software usage to provide helpful feedback; ready availability
of expert consultation (in person and by phone) designed to attract users to
recommended routines and mcreage confidence that these routines <ould be

safely used; users groups representing a particular area of interest.

Pointers to further discussion:

User needs - Smith, SMR Topic IV.

User/expent intenaction - Ng, SR Topic IV; Stewart and Hetzel discussion

sumnaries, SR Topic IV; DIS, Section III and Section V.B.1.

Publication and Distribution

The possibility of a journal of mathematical software was raised on
several occasions. Supporting reasons were that such a journal would pro-

vide a focal point for work in this area, assist in establishing standards,

and be an outlet for professional work providing a professional recognition

emv e———————— . 2o P




function as well as a communication function. Journal proponents voiced
the opinion that existing journals do not provide an adequate commmica-
tion mechanism for much work in mathematical software; either the editorial

pnicy precludes publication of such work or the low professional standards

of the journal discourage many from using it.

In exploring the role of the private sector in producing and dis-
tributing programs we saw again the importance of establishing bridges
between universities, government research laboratories, and private enter-
prise. Obvious conflicts arise between private proprietary interests

and the interests of free exchange of information. However, our impression

was that the problems raised here could be resolved.

Pointers to further discussiomn:

© Jounal 0§ mathematical toftivane - Rice, SR Topic V; Osterweil and Fairley

discussion summaries, S*R-Topic III; DIS, Section IV.B.

Private secton nole - Battiste, SR Topic VI; Lawson discussion summary,

SR Topic VI; DIS, Section IV.C.

Organization to Foster Mathematical Software

The concept of a mathematical software alliance grew out of our dis-
cussions. A broad plan for the alliance, identifying problem areas, types
of activity, and division of labor was discussed at some length with general
agreement on the central ideas. The feeling emerged that a planning group
should be sstablished *o work out the details of its structure, its identifi-

cation with institutions, its inmi.cial tacks, and its funding. (See

Recommendation.)
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Pointers to further discussiom: .
A mathematical software afliance - MSA; Cowell, SR Topic VI* Lynn and

l.awsoﬁ discussion sumaries, SR Topic VI.
lemanks on paivate secton nole - Battiste, SR Topic VI. ,
Remanks on NSF netwonk program - Sherman, SMR Topic VI.

Genenal - DIS, Section V; Fosdick [The Production of Better Mathematical

Software, CAQM, vol. 15, nr. 7, July 1972, p. 611.]
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RECOMMENDAT ION

As a result of this study, we are convinced that an alliance of in-
stitutions should be established to provide a national focal point for the
creation, evaluation, and dissemination of high quality fathematical soft-
ware. The document MSA can be used for general guidance, but the initial
steps must be carefully taken so that a weil-adapted structure evolves.

WE RECOMMEND the formation of a Mathematical Software Advisory Couneil

of 6-10 menbers representing the mathematical software and user commmities
and selected from universities, government laboratories and the private
sector. We further recommend that this Advisory Council be charged to:

1) Initiate a program of research on methods for evalliating mathe-
matical software. The initial effort would be viable at the level of two

man years per year if it could be located at some established institution

- (most appropriately a university) where senior scientists had a genuine

interest in the creation of good mathematical software;

2) Assume technical review and policy guidance for selected activities
now underway, in particular the NATS project and research at the University
of Colorado on the dynamic and static analysis of computer programs.

3) Enter into contracts with selected firms in the private sector to
supply mathematical software adhering to standards of documentation and per-
formance established by the Advisory Council. This endeavor would be con-
ducted to explore the mechanisms for obtaining mathematical software through
private enterprise; .

4) Provide a plan for the integrated growth of the above initial
activities. This plan should deal with

a) organizational structure,
b) funding - short temm and long term,

c) technical objectives - short term and long term.




Summary of Discussion Related to the
Issue of the Creation, Validatien and Distribution
of Mathematical Software

The attached material is drawn from discussions Wayne Cowell
and Lloyd Fosdick had with a number of individuals who are listed on
the last page. In these discussions we tried to focus on specific
topics related to the creation, validation, and distribution of mathe-
matical software. These topics are the headings of the attached mater-
jal. The discussions frequently tended to center on only a few of these
topics depending on the special interests of the individuals involved.
Thus the views represented here do not necessarily reflect a majority
opinion, but they do reflect a fair impression of the comments we

received. This material w.s prepared by Dorothy Lang of the University

of Colorado from notes taken by Wayne Cowell and Lloyd Fosdick.
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SOFTWARE QUALITY: WHAT DOES IT MEAN?

A.

Levels or Gradations of Quality

It was the general feeling that gradations such as A,B,C should
not be considered for a collection of scientific software; rather
it was felt that all of the software should be of top quality. The
notable exception was the IMSL group. It was the feeling here that
more than one level of acceptability would be appropriate. (It
appears t. it the primary reason this group maintained that more than
one level of quality would be acceptable was connected with their
interest in being able to place a software package on the market to
meet certain schedules or demands before it might ha;; achieved a

level of perfection.)

Criteria for Quality Software

In recognition that some program might be good according to
some definitions and not so good according to others, it is of
primary importance to describe the basic characteristics and
behavior of the program. This would allow the potential user to
make a decision on whether or not the program was good for him
without tagging it as 'good, better, best". Such information might
include things such as core requirements, accuracy, execution time
and test case results, etc. It was also pointed out that infor-
mation about trade-offs among the various characteristics would be

very useful to the knowledgeable user; but the naive user should

have reasonable defaults among the various options.
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C.

Complexity and Quality Relationship

It is the opinion of one person that complexity should be
minimized, i.e. short programs are better even if more compléx
programs do more (when they work). This might be an argument

for packages in which the components are simple.

II. Research - Testing and Evaluation

A.

Role of University and Government Agencies

Ther; was general agreement that the activities concerning
development and writing of programs should be distinct (by groups
of people) from activities concerning field testing and certi-
fication of programs. This leads to an important distinction
between basic research in the areas of testing and evaluation,
and actual field testing and evaluation of software programs.
Such research should interface with the on-going activities of the
certification process. However, the boundary between the two is
extremely hazy, particularly in discussions concerning the role
of universities, government laboratories and agencies, and pri-
vate industry and their respective relation to the alliance. In
gengral, it is felt that research (including that of testing and
evaluation) and development of software should be done at the
university level; the systematic field testing, certifying and
initial distribution might best be handled by a non-university

institution; e.g. Argonne National Laboratory.

Establishment of Test Procedures
Presently, the creation of high-quality software is intellect-

ually challenging but is not highly regarded as a professional
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activity. It is generally agreed that a co-ordinated and consis-
tent program is both important and needed (not only for the estab-
lishment of test procedures). The need was recognized, but exactly
how this would come about was not determined. Some people are
doubtful of directed research (establishment of a program of research)
arguing that it is difficult to channel good people into specific
research areas and that the current role of universities with respect
to research and mathematical software might be sufficient. On the
other hand, reccgnition of specific needs of the scientific community
toward which the research group would give its attention, as pro-
posed within the software alliance, might be more effective than
letting research in such areas develop by chance. The proposed pro-
gram is not meant to displace current independent research in mathe-

matical software. -

Development of Test Procedures

The feeling was expressed b& some that rigorous test procedures
concerned with proving correctness of programs and other less rigor-
ous standards would not be terribly fruitful in the near future.
Support was expressed in developing tools which wonld aid testing
and certification of software. It was felt that the more important
component of testing activities should involve a practical consider-
ation of the numerical properties of the algorithm.

The approach taken by IMSL as a company is somevhat different.
A member of their gdvisory panel or a consultant who is an expert
in the field is asked for assistance in checking and testing the
algorithms. Apparently, no general checklist or procedure is followed

for all programs; instead, the advice of their consultant or panel

member on what is adequate and necessary is considered sufficient




D.

for certification.
Whatever approach is used, it has been suggested that evalua-
tion procedures be documented, so as to be repeatable in the same

way a scientific experiment can be duplicated.

Education in Testing and Evaluation

There was general agreement that more emphasis should be
placed on utilization of computer libraries - pariicularly in
computer-based courses. An example of such use can be found at
Carnegie-Mellon where software testing and certification is con-
sidered an excellent activity which should be (and is) included

as part of their educational program.

6:; III. Determination of User Needs and the Development of Software

A.

Directed Research

One method of determining the needs of different people is
through directed research. An egample of directed research cited
in discussion runs as follows:

1) communicate with users in a given area to determine

their basic software needs

2) develop such software as input to testing~evaluation—

dissemination processes
The belief is that step two requireg a level of sophistication re-

lating to software concerns that is lacking with users in a given area.

Establishment of Users' Groups
A second mechanism to determine user needs is establishment
of users' groups. Such groups would consist of representatives hav-

ing a need for mathematical software to determine guidelines for

development and procedures.

————
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€ﬁ, IV. Recognition and Distribution
A. Advertising and Publicizing

1t was generally felt by all those asked that there is a

ST T TN o - o

market for good software, but that marketing of such software

is not emphasized strongly enough. It is important to publicize
3 the existence of quality software if those who should use it are
to become aware of it. It follows, then, that distribution must

be an active concern of the center.

B. Professional Recognition
One way of publicizing the software of the alliance is by
giving professional recognition to any software developed -
possibly via a journal published by the software alliance and/
’ ‘E’ or establishment of a professional organization. This could
provide a medium for distribution on the first level (awareness).
Questions concerning the relationship of such a journal to the
algorithms section of the CACM have not been fullv explored.
Tentatively, it is felt that existing media should éontinue;
and the alliance should co-operate with them by aiding the
refereeing process, In turn the alliance might certify and dis-

tribute programs developed elsewhere (by other than the alliance).

e

Role of the Private Sector
| Several methods for the actual distribution of programs
L 4
L have been proposed. One proposal suggests that private agencies

could be contracted for distribution of the software only after
said software has been certified. The details of how this might

be done is a difficult and politically charged problem - conflict

of interest, etc. Any such contracted company should be willing




@ to allow free and open access to information they had regarding
the development of computer programs (i.e. no privileged activi-
ties). However, should the federal government enter this area,

could private distribution organizations become non-existent?

D. Distribution via a Network: The Role of the Alliance with
» Respect to a Net

Another possible method for the distribution of programs
might be through a network such as the ARPA net. Possibly, tﬂé
alliance could be considered as a node in the net, acting very
much like a library for mathematical software. Members of the
net could obtain their programs and documentation over the net.
This would be one manner of distribution rather different than
that envisioned for a private company. The possibility of be-

eg; coming a library for scientific subroutines which is a node in

the ARPA net or the possibility of a future "NSF" net, or both, 4
is extremely inviting and should be given serious consideration. |
|
|

V. Organization: Structure, Co-ordination, and Funding

‘ A. Structure

According to some, the system should be flexible enough to
allow people to follow their own ideas, yet provide enough struc-
ture and direction to identify needs and see that they are met.
Whatever the structure, both political and practical considerations
are important.

It has been proposed that theactivities of the alliancé be

overseen by a board of governors consisting of representatives

from the different agencies involved in the alliance. It was the
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feeling of one individual that the board (of governors) should not include
anyone from private industry because of the potential conflict
of interest that it might reflect. (Note: a network distribu-
tion such as the ARPA net might remove any such possible con-
flict of interest.) Doubt has also been expressed that the same
group sf people (or board) would have the talent to handle both
financial and technical affairs equally well. A model similar
to the IMSL operation was suggested - a board of trustees which
receives authoritative expert advice.

In order to clarify the role of the participating institutes
and their relation to the alliance, it was thought best by one
that the working draft be more specific as to what ins;itutions

might be involved in the alliance.

Co-ordination (interfacing)
There was general agreement as to the alliance organization
and division of labor as outlined in the working draft:
research and development at universities
testing and certification at government laboratories
dissemination and support by private company or network
However, co-ordination of these activities is necessary and several
plans directed toward easing exchange of information have developed:
1. establishment of a federal scientific software users group
consisting of about a dozen representatives of various agen-
cies having a need for mathematical software. Such a group
would act in a consultative and advisory capacity in an
attempt to develop a set of guidelines for testing scientific

software of importance to the government. This group could

be one mechanism of communication to the developers of pro-

grams of a more practical nature. Interest was expressed




@ by (12) in overseeing such a group.

2. establishment of a network of graduate students under super-
vision to perform some field testing. (This has been a
well received idea.)

3. exchange of staff between the research and development group
and the dissemination and support. group. The same mechanism
might also be established between the research and develop~
ment group and the testing and evaluation group. Given that
the normal route of software would be from the research and
development group to the dissemination and support group
(for systemization - formatting a consistent package), such
an exchange could be quite useful. A staff member who is
working on¢systemization of a program would have an oppor-

e%, tunity to work with the researcher who is an expert in the
area éoward which the program is directed. Reciprocally, a ;
member of the research and development group (a faculty mem-
ber or possibly a graduate student) would have the opportunity
to visit the dissemination and support group to-work (a1d
learn) the practical aspects of developing computer programs
for wide distribution. (T;is has interesting potential for
visiting graduate students when the dissemination and sup-

port group is a private company.)

C. Funding :
Due to the different agencies and institutions presently
having activities funded by a variety of sponsors, possibly, the
efforts of participating agencies and institutions should Le

funded independently (of the alliance), but should be program-

matically consistent with the alliance. There was also mention




A,

B.

Vi. Miscellaneous

of the possibility of having a software dissemination and testing
project funded by several agencies simultaneously such as AEC,
NSF, and NASA.

The question was raised whether NSF (or any spoq50ring agency)
would go along with the idea of a board of governors writing con-
tracts to individuals or grouﬁs either for research or for specified
services. It has been suggested that possibly NSF could give the
grants directly upon the advice and counsel of the board.

There is hope that eventually the center will be able to support
itself. However, it is felt that in order for a center to become

self-supporting present attitudes, particularly toward money currently

'y

spent on software, must change. As an example, it was pointed out
that a typical University Computing Center would be more likely to
spend 5K on student appointments to develop doubtful programs than
to use the same 5K to buy good software. This feeling supports the
thesis that distribution must be an active concern of the center

(as mentioned previously in section A, topic IV.)

Support of programs might best be handled by the author(s) rather
thaﬂ‘the distribution center(?). 1
Hard facts are needed to support the position that an activity such {
as the alliance, should be created.

It is a strong feeling of one individual that the institute should

have a physical location. It would facilitate the mechanism of egchang-
ing information among the different co-oﬁerating agencies and sec-

tions of responsibility (research and development, testing and
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certification, dissemination and support) as described in section
B(3), topic V.
D. Involvement of the private sector in a testing and/or dissemination

activity was generally considered a difficult problem. !

E. Enlightened management must bring together people and problems.
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Note: We have also benefitted 8reatly from many less Structured
conversations wish individualg we have not attempted to list.

@ List of Participants

(1) Ambler, Ernest; NBS
(2) Anderson, R, L.; IMSL,
3) Aufonkamp, D. D.; NsF
(4) Battiste, E. L.; 1MsL
(5) Colvin, Burton; Nps
(6) Corrucini, Joseph; NBS
€)) Cowell, Wayne R.; Argonne Nationa} Laboratory
(8) Forsythe, George; Stanford University
(9) Fosdick, Llovd p.; University of Colorado
(10) Goldman, Jave; NBS
(11) Hanson, Richard; jet Propulsion Laboratory
@ | (12) Jeffrey,. Seymour; NBs
13, Johnson, o, G.; IMSL
(14) Krogh, Fred; Jet Propulsion Laboratory
(15) Lawson, Charles; Jet Propulsion Laboratory
(16) Moler, c, B.; Univarsity of Michigan
(17) Ng, Edward; jes Propulsion Laboratory
(18) Oser, James; NBs
(19) Rice, John; Purdye University
(20) Sadowski, Walter; NBs
(21) Steward, Sheldon; NBs
i (22) Thacher, Henry, University of Kentucky

! (23) Traub, J, F.; Carnegie-Mellop University
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A Mathematical Software Alliance
Wayne Cowell and Lloyd Fosdick

Working paper for discussion as part of the Arjonne
National Laboratory-University of Colorado Study

"Planning an Approach to Testing and Dissemination
of Computer Programs for Research and Development"*

Effective application of the computer to problems in science and
engineering yequir=s that fundemental mathematiczal calculations be performed
with great zccuracy and effiziency. The scientific user should be able to -
carry out basic computations easily and to rely confidently on the results.
Unfortunately, there is a gap between expectation and accomplishment. Only
in a fev research institutions éid the rapid, somewhat chaotic, growth of
high speed computing inspire the creation, careful refinement and effective
dissemination of high quality software. But increasing concern for quality

and efficiency is felt among scientific users and mathematical software

specialists who are seeking return commensurate with personal and capital in-

. vestments in computing.

To illustrate ways in which this concern has been translated into
various kinds of action, we cite three exanmples:

(1) A Mathematical Software Symposium was held at Purdue
University on April 1-3, 1970, under the sponsorship
of ACM SIGNUM with funding from ONR. A book "Mathe-
matical Software" (Academic Press, 1971) edited by
John R. Rice is based on the proceedings of the
symposium and also discusses the current status and
possible future directions of work in mathematical

software.

* Work supported by the National Scilence Foundation.
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(2) The NATS project is an NSF-funded collaborative effort
by Argonne National Laboratory, b .nford University, and
The University of Texas at Austin in cooperation with
various field test sites, to certify and disseminate
mathematical ;oftware. '
The purpose of this prototype venture is to develop ways
of supplying the scientific computing community with
highly reliable subroutines.

(3) In the private sector the International Mathematical and
Statistical Library (IMSL) of H;uston, Texas, provides
libraries of subroutines and consulting services to sub-
scribers. The corporate intent is to upgrade and maintain
these libraries at current "state-of-the-science" levels.

This paper explores ways of organizing a national effort to meet the

need for good mathematical software. Since any such venture must reflect the

processes by which such software is created and made available to the user,

" we will first examine the factors involved in its production.

Systematized collections of computer programs evolve from a con-~
ceptual base in theoretical mathematics through a series of steps in which
nurerical metho&s are discovered, efficient algorithms for specific tasks are
devised, programs based on these algorithms are written, and collections of
these programs are packaged, tested, refined, and distributed as supported
software. This is a long chain of events touching several areas of interest.
Specialists in one area need to see the role that their particular skills and
interests play in the evolution of good software and to be able to relate to
specialists who concentrate on other aspects of the process.

It seems natural to divide mathematical software evolution Into

three stages:

I B e




b
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Stage I Research and Implementation
Stage II Ev#luation and Refinement
Stage TII Dissemination and Support
To give meaning to these terms we list below examples of types of
activities associated with each stage. '
I. Research and Implementation .

a. Research in support of software development: error
analysié, termination criteria for iterative processes,
interval arithmetic, arithmetic characteristics of
machine hardware, program testing methodology, hard-
ware media to facilitate exchange of routi;es. Comment:
Emphasis should be on problems arising from practical
attempts to produce, test and disseminate mathematical
software.

b. Critical surveys of literature (three to twelve months'
work by an expert resuiting in a report covering, say, -
pumerical treatment of differential equations).

c. Computer based comparisons of methods (e.g. Hull, et al,

Comparing Humerical Methods for Ordinary Differential

Equations, University of Toronto Computer Center Report
No. 29).

d. Development of numerical methods for classes of problems
(e.g. lineaxr algebra, differential eguations, function
approximation), guided by I.b and I.c.

e. Development of efficient algorithms for specific tasks

(e.g. eigenvalues of large band matrices, approximation

of gamma function), guided by I.d.
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f. Writing, debugging and documenting programs which implement
the efficient algorithms developed in I.e.

g. Translating programs from one algorithmic language to
enother.

h. Gathering.frograms for a given pfoblem area into a col-~
lecticn and unifying the collection into .,a package with
consistent calls, modes of calculation, etc.

1. Writing supervisory control programs permitting the use
of packages at a relatively high level of problem des-
cription.

J. Organizing workshops involving users and mathematical
software specialists,

II. Evaluation and Refinement

a.- Development of standard benchmarks and test cases for
various classes of problems.

b. Testing and refining programs through trial of standard
cases (see 1I.a), field testing, tailoring to & particular
system, and other methods (e.g., on-line test case generation)
that may be developed (see I.a). Comment: The methodology
of the NATS project is both example and guide.

c. Application of testing methodology as a feature of ref-
ereeing algorithms submitted to journals. Comment: This
might be accomplished by graduate student assistants working
under the supervision of senior referees.

IIY. Dissemiration and Support

a. Distribution of certified programs to the user community

and publication of algorithms.




page 5
b. Support of certified programs through consultation
and remedying of incorrect performance. Comment:
This should involve the developers of the routine.

‘We assert that the high quality mathematical software that now exists
and is readily available has, in one way or another, passed through these three
stages. Yet very few institutions support activities that ektend from research
through evaluation tc distribution and virtually no individual is really expert in
every stage of software evolution. The scarcity of first-rate software is largely
explained by the difficulty of bringing such a diversity of interests and skills
to bear on the problem. We propose an organizational framework based on the
premise that an alliance of institutions is needed to provide the necessary
range of talent. Such an alliance must facilitate communication among people
with pertinent interests and skills and stimulate them to address the problems
discussed above.

We shall assume that a parent organization will supply leadership

.and initial financial support during the formative stage and will accept re-

sponsibility for the continuing vitality of the resulting organization. The
parent organization might be (1) a government agency or laboratory, (2) a
wniversity, (3) a consortium of universities, (4) a professional society.

The first step would be to form a group of 6-12 persons who are
recognized and respected authorities in mathematical software. This group
would give expert technical guidance in the choice of particular mathematical
software objectives to pursue as the first tasks of an alliance. After work
had commenced, the group of experts would continue to review the objectives
and evaluate progress toward them. It would be résponsible initially to the

parent organization and then, through some appropriate mechanism, to the

funding agency when the alliance hil been astehlisked, The adviscry and review
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group would meet regularly‘to consider matters of technical policy but it would
not have operational responsibility for management of the activities. This would
be the task of a smaller group, say, of 3-6 individuals who would serve as an
executive committee, responsible for formulating, justifying, implementing, and
reporting on programs to carry out the objectives of the advisers. The members
of the executive group would spend a significant portion of their professional
time on affairs of the alliance. Its members should be chosen for their skills
in implementing technical and scientific programs. The executive committee
would pot necessarily be a subset of the advisory group but some overlap may be

desirable. Let us call the first group the Advisory Panel and the second group

the Executive Board of the Mathematical Softwere Alliance.

Given the existence of the Advisory Panel and the Executive Board
and assuming that federal support for the alliance has been obtained and is
administered by the Executive Board, we will now describe alternate structures
for aourishing the three stages of software evolution. (In the sequence of
actual events, the structure would be described in the prcpoéal for federal
support.) We will diagram and comment on four plans. In tﬁe diagrams that
follow, solid lines represent continuing direct policy control while broken

lines indicate that a grant has been made or a contract signed for proscribed

research, development, or services.
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G = Universities and Non-Profit Laboratories Receiving
Grants for Work in Research, Implementation, Evaluation,
and Refinement

Comments on Plan A: With support from NSF (or scme combination of

funding agencies) and guided by the Advisory Panel and Executive Board, a
university would establish a center for mathematical software which would be
concerned with the research and implementation stage. The evaluation and re-
finement stage would be focussed at a mathematical software evaluation center
located at a government laboratory and established with guidance from the Panel
arid Board. These two stages would be activities of the federal government.

. The dissemination and support function would be carried out by a private,

profit-making (but regulated) corporation under contract to the Executive

ez' e Board.
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Although each of these organizational components would have a
physical location, it is understood that research, implementation, evaluation,
and support will be widely dispersed activities if the best talent in the
nation is to be tapped. It would be the responsibility of the Advisory Panel
to identify areas of work and groups or agencies who could be requested to
do this work. Support for work would probably be arranged through contracts with
or grants to individuals or groyps to perform research, development, or testing
in an area of interest to one of the centers. Presumably these would be grants
from the funding agency directly to the institution. The Advisory Panel could
act in a consulfative capacity when proposals for such grants are reviewed.

We believe that the.ratio of visiting staff to permanent staff
should be large (perhaps 2/1 or 3/1) for the research and implementation
center. This center would also provide facilities for graduste thesis work
in pertinent areas. The ratio of visiting to permanent staff would be some-

vhat smaller in the evaluation and refinement center but ample support for short

. and long term visitors should be provided. Visits should bé encouraged that

enable specialists to see their roles in a wider context. For example,
selected staff members of the dissemination and support company should spend
time at the research and implementation center to keep current on the latest
methods and thus enlarge their ability tc support certified routines. Also,
students in computer science should have an opportunity to see the evaluation
and software marketing process in acticn.

The usual path of software would be from the research and imple-
mentation center to the dissemination and support company (for formatting
and consistent packaging) to the evaluation and refinement center and, finally,
as certified software, back to the dissemination and support company for

marketing and maintenance. The icsuwe of proprietary rights to packages whose

comporents are developed with public money is not clearly resolved and we
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cannot settle
‘:’ 1&t here. The company with the dissemination and maintenance contract would
offer services in the public good and receive a fair return. Another type
of interface between government sponsored development and the general public

will be discussed below in Plans C and D.

Plan B
a
‘ Advisory Executive
Panel Board
N
\
’ N
x
\\
{ : Dissemination
N ottt and Support
Institute (Private Corp.)
-~ - l ~ “~
o < e P
G G G

Comment on Plan B: The change from Plan A is that the two federally

supported centers are combined into one.
Advantages of Plan B over Plan A -
" 1) A larger "miss" of talent in one place providing greater
interaction among those involved in various activities;
. 2) Individual staff members of the institute have a wider
- choice of activities or combinations of activities;
3) Possible cost saving due to economy of scale (supplies,

computing, etc.)

Advantages of Plan A over Plan B -
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1) Recognizes explicitly the desirability of an academic en-
vironment for résearch and also the advantage of carrying
out "missions" at a laboratory oriented toward structured
endeavors.

2) A constructive "eiversary relationship" between evaluator
and developers is easier to maintain since evaluation is
physically separated from development.

3) Greater geographical spread bringing software activities

closer to more areas of the country.

Advisory Executive
Panel Beard

| Research and Evaluation and Non-Competitive
Implementation Refinement [=» Distributicn &
(University) (Govt. Lab.) Support
4 ] ~ ] '
! ' ~ '

[ ' - ' Y

G G G G G

Comments on Plan C: This is a modification of Plan A which is

intended to stimulate competitive private cnterprise rather than contract with
a particular company to market products subject to regulation. Non-competitive
distribution and support could mean one of two thingsz

@ 1. certified software is distributed and supported (free or

. for distribution cost) by the two federally funded centers
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for a specified and iimited period, say one year from the
the time it becomes generally available. After this support
is terminated the routines will, of course, remain in the
public domain put there will be a continuing need for distri-
bution, maintenance, and consultation;
2. distribution and support would be offered indefinitely from
the federal centers but a fair market price would be charged
for such services. .
We foresee the possible emergence of a market for'distribution and
support services and believe that the compﬁiing public can be served by en-
couraging the private sector to develop capacity in this area.

Comments on the involvement of the private sectcr: 1In spite of the

unquestioned scientific value of gocd mathematical software, we do not have a
good measure of its value in the mevket place. One small company (IMSL) is

dedicated to marketing a library of subroutines but has not existed long enough

to be assured of a long life. Large companies (e.g. IBM) market mathematical

software along with many other products and services thus clouding the issue

of profitability in the specialized area of concern here. Our conversations
with leaders in the mcthematical software business show clearly that a numter
of outstanding questions exist; e.g., what level of software quality assures
customer satisfaction at acceptable cost to produce? Partial answers are begin-
ning to emerge through efforts such as NATS which provide additional data on
the costs involved in mounting a major certification effort. Pending further
information, our tentative conclusion is that research, implementation, evalu-
ation and refinerent can be accomplisﬁed by collaborative efforts whose costs

are acceptable when broadly distributed; i.e., when undertaxen as publicly

supported ventures internded to prcduce routines and methcdology that will be
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widely used. However, it appears doubtful that small private capital ventures

could afford these aspects of mathematical software development. All of the

organizational plans presented in this paper are drawn under the assumption

that good mathematicel software is a national resource of sufficient importance

to deserve underwriting by the federal govermment and that, moreover, this

sﬁpport should be given in such a way as to encourage the development of

private software enterprise which would take over the more costly areas if

and when the economics made this possible.

Advantages of Plan C over Plan A -

1)

The problem of selecting, contracting with, and
regulating a dissemination/support company is
avoided.

In principle, the value of scientific software in
an economic sense is determined through the oper-

ation of a free market.

Advantages of Plan A over Flan C -

1)

The nature of the distribution and support services
rendered can be strongly influenced by the Advisory
Panel, thus enabling expert opinion to dominate purely
economic considerations.

The uncertainties of the market place can be minimized
by guaranteeing & minimum return to the company, thus
ensuring that the distribution and support mechanism
will continue to function for the berefit of users

withoul the federzl centers bearing the burden of con-

tinuing service.
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Mathematical | Non-Competitive
Software [—>  Distribution &
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Comment on Plan D: This is a Plan B with the dissemination/support

@ company replaced by the dissemination and support concept of Flan C.
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Discributing Software
Study and Report

Dorothy E. Lang
Department of Computer Science
University of Colorado

Abstract

This paper briefly discusses the pros and
cons of distributing software via different
media. Included is a preliminary analysis of
the costs involved. An attempt is made to
evaluate distribution media and draw some con-
clusions that might suggest possible solutions
for the dissemination of mathematical software.
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INTRODUCTION

Distribution of mathematical software must be an active concern of
the mathematical software center. It will be important not only to
publicize the existence of quality software, but to make such software
readily qvai]able. Several mechanisms for the distribution of programs
have been proposed. This paper attempts to evaluate distribution media-
and provide sufficient information to enable the establishment of econom-
ical distribution mechanisms.

In trying to determine the cost of distributing algorithms, we will

consider the following three media:

magnetic tape
80-column cards
J. telecommunications

Each of these media is plagued with the problems of character-set
compatability - ASCII, BCD, EBCDIC. Its an 8-bit world, but some people
refuse to admit it and those who do have their own ideq of what the codes
should be. Thus, we have ASCII as the standard with linited use, [BCDIC
as a powerful loner, and BCD, our old 6-bit standby, as the most popular.
Most installations that do not use BCD can easily convert from BCD to
their own codes (since BCD has been so popular, apparently installations
not using BCD have found it convenient to have available a conversion
program). In the fast growing world of communications - termiials,
networks, and telecommunications - ASCII is rapidly gaining acceptance.
For 7-track tape (which brings up another problem) the 6-bit ASCII
standard is the old external BCD code. The dilenma seems best resolved

by using the BCD character-set (or ASCII if you prefer) for magnetic




B T i

|
;
|

-2-

tapes, refraining from 9-track tape altogether, and using the ASCII
character-set when using telecommunications. Hollerith punch codes used
on cards vary from insta]]atibn to installation (machine to machine). .
The most notable differences occur with the special character codes. Such
problems are unique to the card medium.

In determining éosts involved in the distribution of algorithms,
certain assumptions have been made. Overhead costs of each method are

ignored in figuring cost estimates. This is not as devastating as might

~ first appear. Fixed costs such as creation, development, and maintenance

o} the library are presently indeterminable. One could choose an arbi-
trary system (the ARPA network might be one) and calculate cost figures
based upon their charges. However, if the system changes, the cost
figures change. If the original library size and development estimate is
far from actual, then so are the cost figures. Rather than distori the
picture any further than necessary, such overhead is presently left out
of cost figures with a word to the wise that eventually the figures
shown will increase by x amount for each medium. (These figures appear
in Appendix D.) A second type of overhead cost is also ignored. This
might best be classified as hidden cost and includes such things as
secretarial time and clerical salaries, etc.

Lastly, mailing charges and telephone charges vary according to the
distances involved. Cut-off points between media for longer distances
may be different than for local distances. For example, it may be
cheaper to distribute algorithm y locally via temminal lines, but for
distances over 1000 miles, it may be cheaper to send the algorithm via
cards. To help determine such cut-off points, the cost of distributing
each example algorithm is figured for all four media to three destinations.

Using the University of Colorado as the distribution origin, costs are
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figured to Denver, Colorado (25 miles), Albuquerque, New Mexico {422 miles),

) and Washington, D.C. (1696 miles).

The pros and cons of eaéh medium will be discussed individually.

Details of pricing and cost figures appear in the appendices.




'SECTION 2
MAGNETIC TAPES

For exchanging large amounts of information (over 5000 card images),
tapes are more convenient to use than cards and in addition are econom-
jcally practical. Only 7-track, 1/2" magnetic tapes will be considered
here. Cost calculations are based on é 556 bpi density, 80 character
unblocked records (which is the most wasteful format for recording infor-

mation on tape). The break point between cards and tape is around 2000

" cards. This figure may be somewhat lower depending on the price of the

tape.

T It appears that tapes vary widely in price depending on the manu-
facturer and size of reel. For example, the range for a 2400' reel of
tape runs from approximately $10 to $25. This does not include costs of

seals or cannisters. Appendix A, Tables 1-3 contain more detailed price

information.

It is also possible to obtain empty tape reels and éut longer
length tapes into several shorter ones. For example, the cost of cutting
one 2400' reel into four 600' reels is around $22 (including the price
of the original 2400' tape, Memorex MRX III) or $5.50 per 600' reel.
A 600' tape from the same manufacturer r.ns $9.00 -- a $3.50 saving per
600' reel. It takes one 'man about 10 minutes to perform the task using
the IBM 1401.

Addi tional factors besides length of tape affecting tape capacity
are record size, block size, and density (bpi). Record size, for pur-

poses here will be fixed at 80'charactcrs/record (a card image). The wide

range of tape recording densities (200-3200 bpi) causes variability
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in amounts of information on a reel of tape. This variability is less,
C however, than that causes byﬁb]ocking factors (see Appendix A, Table 4).‘
For most purposes, it appears that even with inefficient recording a
single tape can provide a large amount of information.

There are some considerations one must keep in mind about tapes -
other than those prévious]y mentioned. Processing tapes is often system
dependent and care must be exercised in choosing a recording mode and
density, character-set, record size and block size, let alone tape size
(both width and length), that is convenient for most users. Exchanging
information via magnetic tape also initiates a time lag cycle - long
enbugh to receive, process, and send out a request. If time is a critical

factor, perhaps another medium is better. In addition, tﬁpes are ex-

tremely vulnerable to shipping damage.
For general purposes of distribution - particularly of entire
TTE:} libraries or large subsets of libraries - tape should be considered an
excellent and most viable medium.

In calculating magnetic tape costs the following base was used:]

central processor time $.09 per mil*card images
listing .70 per mil
mass s*orage and transfer .50 per mil 2
. tape MRXIII Type 25 (Memorex”)
postal charge by weight (packing not included)

* Meaning one thousand

]Figures are based on sample runs to copy appropriate information onto tape
using the CDC 6400 under KRONOS operating system at the University of
Colorado. A listing was considered essential in order to determine that
a correct copy was made.

2Memorex tapes were chosen as a standard mainly due to the availability
and completeness -of pricing information at the time of this study. Also
according to recent information, lemorex tape costs are being Towered
‘ considerably in the near future (approximately $4.00 for a 2400 reel).
This makes tapes an even mora attrasctive madium. Additional information
' shows that other manufacturers may have comparable and possibly beiter
prices.




T e R “ et e e e

-6-

Disregarding parcel post (4th class mail service) and considering

(:I:) only airmail or 1st class mail service, the break point between cards
and tape occurs around 2000 card images or 1 box of cards. This is
reassuring since anything much over a box of cards begins to become

rather cumbersome, in addition to punch code differences which are more

annoying than character-set differences.




" SECTION 3
CARDS

80-column cards must not be disregarded as they are the most readily
available medium of exchange. But cards, too, have problems with varying
character codes. Up to a certain point, somewhere between 1000-2000 cards,
cards are most convenient. Cards are less prone to damage enroute, and
if damaged, much easier to recreate on site. However, transporting more
than a box of cards is unrealistic. Not only would a package of any large
size take who knows how long to arrive through the mail, just imagine
receiving a library of 10,000 cards.

Card costs were calculated two ways - 1) using a card reproducer
machine, and 2) using a copy utility to punch a deck on a computer. The

following bases were used in the cost calculations:

reproducer machine

card;1 $1.10 per mil

box .22 per 1/2 box (if needed)
copy to punch utih't_y2
- punch $.50 per mil card images
listing .70 per mil

mass storage transfer .50 per mil

CP time .09 per mil

box .22 per 1/2 box (if needed)

1based on an average cost from Rocky Mountain Tabulating Card Co. price
list. '

2figures based on sample runs using CDC 6400 under KRONOS operating

system at the University of Colorado.
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TELECOMMUNICATION

Evaluating exchange of information through use of telecommunications
is highly complex. There are many factors to consider in eva]uating’the
communication (phone and data) services available, each dependant on the
job involved, equipment available, and transmission distances. The rate
structure of the telephone system is also highly complex. The details of
such rate structures are not readily available; and furthermore vary con-
siderably depending on origin and distance. Further complicating the
situation are the network costs themselves. These too vary depending on
the network chosen and its particular charging structure. Factors to be

I”E:B considered are such things as connect time cost, central processor time
’ cost, storage cost, data transfer cost.

Detailed analysis of networks is beyond the scope of this study;
however, to be meaningful and to give a clearer picture of costs, they can
not be totally ignored. For the purposes of this report, only connect
time and CP time will be inclvded in calculating telecommunication costs.
Based on the KRONOS network of the Control Data Corporation (see[6]),
connect time charges are $8.00/hr., CP time charges are $.20/CP sec.
These are relatively low charges compared to some other services (refer
to Appendix C, Table 4). '

Again, detailed analysis of communication services is beyond the
scope of this study. Oniy three types of voice grade services will be
considered here: 1) DDD - direct dial service; 2) WATS - Wide Area

Eﬂ' Telephone Service; 3) private leased line services. Interstate rates

for dial-up service are based on the lMessage Schedule I rate effective
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February 1, 1970. Assuredly, these are now out-of-date; and most likely
present rates are higher. The intrastate rate between Boulder, Colorado
and Denver, Colorado is presént]y toll-free.

The WATS rate for Washington, D.C. to Colorado is $1750/mo., for
Albuquerque, New Mexico to Colorado, $1650/mo., Colorado intrastate rate
has not been ca]cu]ated.] To simplify calculations, figures are based on
$1700/mo.

Private line service (leased line) is better suited for data trans-
mission than dial-up lines (DDD or WATS) as the lines are better controlled
in addition to being conditioned for data transmission. Conditioning
adjusts frequency and phase response characteristics of the channel (1ine)
to meet closer to]eraéce specifications. Chosen for this study was Cl
conditioning which will allow up to 2400 baud transmission rates. The
rate structure was based on a half-duplex line with 2 terminals (a 2 point
channel) not arranged for switching. This is the cheapest arrangement of
leased lines.

In general, transmission speeds range from 10 char./sec. to 9600 baud
(bits per sec., approximately 1200 char./sec.). Faster transfer rates
naturally are much ﬁore expensive, and consequently less readily available.
A 10 char./sec. rate is only practical for transferring small amounts of
information. Transferring 1000 card images takes 2 hours, 13 minutes.

It is rather undesirable to wait that long for an algorithm, let alone

]intrastate rates are not FCC controlled and vary from state to state. As
Boulder - Denver connection is toll-free via dial-up service anyway, it
is not even practical to consider WATS in this case.
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1

trust the line for that length of time.' For example, at the University of

Colorado all one need do is tap the handset (or have the operator cut in

mission become completely garbled. For the sake of sanity, anything

over-45 minutes is considered unreasonable (and too expensive), but times
up to 4 hours have been included in calculations.

Analysis shows that unless 1200 or 2400 baud terminals are available,
costs quickly become exorbitant when compared to tape or cards. Comparisons
among the three services studied show some interesting results. It is
apparent that WATS is more expensive in all cases - except possibly if a
line already exists and there is unused time available. Between leased
lines and DDD lines, a more careful analysis is necessary in order to
determine which is more economical. Factors to consider are time of day,
point to point distance, and degree of loading. In general, a leased line
operation maintains a constant connection between terminals and computer.
A DDD connection rust be made each time transmission is required. On this
basis, leased line can only be justified in cases of heavy use.

It might be noted that it is possible to transmit information from
terminal to terminal skirting the computer - and thus éharges connected
with such - altogether. For example, it is possible for one teletype to
connect to another teletype, read in a paper tape at one end and punch it

out at the other. However, the transmission speeds are too low for such

3

An interesting psychological phenomenon occurs with the advent of .
telecommunication. Unless response is immediate or at least minimal,
the average person is unwilling to put up with delays. He would rather
wait 3-4 weeks for the delivery of a tape than wait the 2+ hours for
the transmission of tihe algorithm via teletype.
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a method to be given any serious consideration, and are not included in

(fa the comparative analysis.]

L)

]excepting Jocal distances, the cost was found to be higher than other
media in addition to be.ng a lengthy process.




SECTION 5
COMPARATIVE COSTS and CONCLUSIONS

Appendix D contains a series of charts showing the cost of distri-
buting different amounts of information using each type of medium. The
first is 1000 card images which is the size of ACY algorithm 343, EIGENP,
the last is 16,000 card images, the approximate size of EISPACK, the
Eigensystem Subroutine Package, developed as part of the NATS project at
Argonne National Laboratory.

These charts show that 2400 baud line terminals are the cheapest
medium. However, prices could easily be boostea if based on a more
expensive connect time charge - say $16.00/nr. (not unreasonable). This
would almost double the charge.

Strictly from a transmission cost stance, it might first appear that
telecommunication is the answer to our distribution problems. However,
there exist certain mitigating factors that make the medium less attrac-
tive. Granted, the character-set is rapidly becoming standardized, but
once we start talking in terms of teminal to terminal or network-terminal
ccmmunication Tinks, we must also consider computer to- computer communi-
cations. Here things are not so standard and numerous non-compatible
protocels exists - particularly with remote\terminals. One can not
simply set up a library network on computer xyz and announce its availa-
bility tc¢ all. The computer must be able to "talk" with the terminals -
communicate via signals, end sync-codes and observe various protocols. Such
conflicts are extremely complex and existing networks are only beginning

to resolve them. Setting up a library network in this way could easily

restrict distribution to less than half its potential users = certainly an
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adverse side effect for the proposed function of such a library!

With this in mind, magnetic tape is the next most economical medium
Except for information of less than approximately 1000 card images. At
2000 card images, tape is comparable to cards and some DDD service costs.
Considering that tapes are presently more cost stable, and more available,
than telecommunicat®ons, magnetic tapes should be considered the most
viable medium for distributing algorithms or libraries. With the aid of
new and better technology, and the decrcasing cost of terminals and data
communication lines (and hopefully computer charges) telecommunications
may in the not too distant future become a more practical distribution
medium. But for now, it appears that magnetic tape is the most economical

medium for exchanging information.

{:




(1
[2]
[3]
[4]
(5]

[6]
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Ty Tape Costs & Capacities




MRX TII TYPE 25

$14.50
$11.25
$ 9.00
$ 8.00
$ 6.00

TABLE1 :

ASTION TYPE 26

$17.50
$13.00
$9.75
$ 8.75
$ 6.50

MEMOREX TAPE PRICE LIST

(Price includes Wrigit line tape ¢ eal)

QUANTUHM
TYPE 27
$20.50
$15.00
$10.75
$9.75

$ 7.50



o T . P

-17-
. b Y
o
.
CONTROL DATA FREMIUM GRADL PAGLETIC TAPE
Prices for 233'» 40C* or 00' lengths FO03 Destination
500 8PI © 1100 BPI
QUANTITY — - — — -
200° | 4So* b53° 206' | waor | w03
1-45 Reels | 5.0 7.55 1 6.8 b.00 2.2 | 9%.00 |
59-59 Reals | s.ss .36 | 3.9 c2s | 7.50 | 678
100-499 Reels 5.45 .20 | s.2S s.s0 | 7.es | &.ss
500-995 Reols | 5.3 7.63 5.C0 5.28 .60 | .28
1000 Recls or morc l Obtain Special Quote ¢btain Special Quote i
Pric-* for 1200° cr 2400' lengths F08 Destination
800 8PI 1600 8P
QUANTITY
1200° | zue 1200° | 2uea ,
1-99 Reels . 1.0 | .58 14.40 | 1is.08
100-259 keels | 13.25 | 1 13.b5 b as.00
f~2:3 300-495 Reels i 12.75 b y9.8c 13.15 17.50
) 500-195 Keels I e L b.s0 12.50 i i7.28 |
200-599 Reels i s2.25 1b.0C 12,55 | 1.0
1600-255% Racls | 12.60 35.50 12.43 | 1ees0
3000 Reels or more E Cbtain Special Quota 0ctain Special duote

NOTE: Deduct .25 cach for lengths {1203 & 2450’} using the Lrightline Tope Secals

Tape prices ara F.0.8. destination in the ccatinentsl United Stotess if shipped by
Control Data Corporstion rouiing. Air sniprenis or customer routing will be av the
customer's cxpensc: Prices ¢o not incluce applicable locals state or Feaeral taxess

]

STANMDARD GRADE PAGHETIC TAPT 3%C0 {3200 FCIY CERTIFIED

s

SEALS

QUANTITY]  S-%% | 100-26% | 303483 | SOC-RT | 70G-9%% ; 360G-299%] 3003-Up
2400" 13.25 | 12.95 | 12.6s | 22.35 12.05 11.75]  31.25
1200 .25 | 1095 sees | 30.35 | 1005 5.50|  5.25

TABLE 2: Control Data Corsoration

Q' Price List, June 22, 1971

Q

ERIC

PAFullToxt Provided by ERIC
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HALF INCH MAGXETIC TAPE

Quality - Series/500 is the latest state
of the art and the only quality
offered by IBil.

Testing Density ~ 3200 flux changes »er inch for
recording up to 1600 bits per
inch.

Standard Available Lengths - 300' -~ Mini Reel

600' - 08-1/2" Reel
. 1200* -~ 08-1/2" Reel

2400' - 10-1/2" Reel
2700' - 10-1/2" Reel

A
\ Also, 100' and 200' lengths are
available.

Packing - 1. Containerless
2. Wrap Around (several styles)
3. Full Cannister
(a) Thin Line
(b) Standard
4., E-2Z Load Cartridge

Price range from $5.00 to $20.00

per reel devending on configuration
and gquantity.

~ TABLE 3: IBM Tape Configurations

and Prices
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3/4" record gap
: 1" per card image at 800 bpi
‘ 15" per card image at 556 bpi

UNBLOCKED RECORDS
800 bpi - 2400' reel

“85" per card image 28800"/tade  _ 3300, CAFdS
.85"/card tape
2400

556 b.‘ per card image = 32000 cards image/tapes
* 1200'  156GG0

600 8000
400 5333
225! 3000
100 1333

BLOCKED RZCORDS
10 Records/Block
556 bpi - 2400’

&) 2.25" per block = 12800 blocks = 126,000 and images
600' = = 32,000 card images
225 = = 6,400 card images

20 Records/3lock
556 bpi - 2400 .
3.75" per block = 7680 blocks x 20 = 153,600

600' 38,400
225" 7,680

32,000 cards = three cases/box or 16 boxes cards

TABLE 4: TAPE CAPACITIES OF CARD IMAGES
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Card Costs
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CARDS:

RM 11825, Binary

RM 5081, Green Stripe

RM 1009, Fortran

RM 11819, Job card, Yellow
RM 11819, Job card, Red
RM 11819, Job card, White
RM 5081, Brovin, 4 square
RM 5081, Blue

RM 10938, Calmen

RM 11818, Natural

Blank White, 4 square

$1.
Jd1/m

$1
$1
9
$1
$1
$
$

- 9

$1
$1

10/m

JA1/m
.16/m
.16/m
21/m
.16/m
.16/m
.16/m
.10/m
.21/m

~21-

$11.00/case
$11.10/case
$11.10/case
$11.60/case
$11.60/ case
$12.10/case
$]i.60/case
$]H.60/case
$11.60/case
$11.00/case
$12.10/case

TABLE 1: ROCKY MOUNTAIN TABULATING CARD COCWPARY COSTS
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Appendix C

Telecommunication Costs




. B Ll e T
H

H STATION-—-DDO ) .
. Day* " Evening® Nights weexend®
Each X Each ) - Each Each
Rate Rate initicl Aca'l initicl Acdil initial Adc't Initiat Acal
Step wvaulesio 3 min. Mm. - 3 min. Min. 3 min. Min. 3 min. . Mvan.
1 1-10 S A5 5.05 $.185 $.05 $.10 $.035 $.15 $.C3
2 11-16 20 05 20 03 .10 05 2 .G5
3 17-22 25 05 28 .05 .10 08 20 .03
4 23-30 .30 .10 .30 .10 .10 .05 20 .05
5 31-40 .35 .10 35 .10 15 .10 35 .30
6 4155 40 10 40 .10 .15 .10 .35 10
7 £6-70 A5 A8 L0 .10 .15 .10 35 .10
8 71-€S L 15 &0 .10 .15 .10 .35 .10
} 9 £6-100 58 A8 A0 .10 .18 .10 .35 .10
‘' j0 101-124 .GO 15 45 .15 a5 .10 .35 .10
1M 125-143 65 220 .50 .15 2 .15 .50 «15
12 149-196 .70 .20 85 .15 .20 15 .50 .15
13 197-.224 .70 20 .55 15 «20 .15 .50 15
14 235-292 75 25 L3 .15 20 A5 50 .S
15 202-3H4 .80 25 55 .15 20 A5 50 15
16 355..130 .35 295 &0 =20 .20 .15 .50 .18
17 £31-679 05 >0 GO 20 .20 .15 .50 .15
18 675-925 1.05 .35 .65 .20 .20 51 .50 15
. 19 oON6-13260 1.158 35 .70 20 25 20 65 20
20 1361-1310 1.25 ) <75 285 25 20 65 =
21 101 1-3000 1.35 a5 L£5 29 .35 20 . =0
*Doy. 8 cm.5 pm, Von.-rn.-ovon n.. ’ ‘-.1“" " :;rl niﬂht 1 pm-9 am, dail w~—b;e—nu 8 am-11 m,
satandaam-s . Sun. g, 5-11 pm, Sul 'f s 31 P a ily: wee . pm,
- - - ——— . - - - - i

TABLE 1: Interstate rates for dial-up service:

Message Schedule 1 Rate, effective February 1, 1970 [2]

ERIC :

PAFullToxt Provided by ERIC




I1st 10 hrs. Each add'l hr

State

New Mexico - Colorado $300 ' $22.40
Washington, D.C. - Colorado $315 $23.60
Average $307.50 $22.95

TABLE 2: Measurad YATS Rates

State
New Mexico - $1756/month "~ (Band 6)
(tﬁfa ~ Washington, g.c. $1650/month (Band 5)
) Average $1700/month '

TABLE 3: Full WATS PRates

WATS RATES




ERIC

[Aruitoxt provided by Eic:

- | -26-

T ' Rate por Awrhne Mo por Month :
i i 58 29 Next 75 Next 150 Noxt 250 ; Ay,
Yype of Ling L e : Mios . Milcs , Mics Mo
— 3 -
Half-Dudiex $3.00 . £2.10 $1.50 $1.05 $0.75
Ful-Dupiex ' 3.30 . 2.31 { 1.69 i 1,185 : 0.825 ;

TASLE 4: lonthly miileage rates: Private Line Service

et e

) ) '
Charge per Service Terminal 1 Monthly instatiation i
! Cnarge ! Charpe
First station «n an exchange . ; i
Half-cudiex . $12.50 ' $10.00
Full-duplex 13.75 ' 10.00
Each acaiional station on the some o B
SCIVICC and 1 the same sorvice s '
Haf-OuDiex . . ! 7.50 i 10.00 :
Fuil-guLplex 8.25 10.00 .
Noto: where an irterechan e snsn=ehswitehung arrannement is provided, each S$2at on at the swichunn
POINt Fequiresy 3 SCrvCe termunal fOr Cach Prvate ne to which it 15 CONNCCIet wAICh Can Bo oOperated
as a separate-private hne. '
S -

TABLE 5: Monthly se;vice terminal rates: Private Line Service

i

Type of Conditioning . Monthty

" Rato
[+3 ] ’ ¢ -
Two-point channat
not arran;cd for switshing per exchange $ 5.00
i arranged for witching por exchanso - 10.00
! Multipoint channel B
% not crranzcd (or switching per exchange A 10.00
c2
Two-point charncl
not arran(;2d for svalching por cxchansae 19.00
arronsed for svatehing por exehonse 28.00
" Muttipeint channcl .
not arranrcd yor switching 28.00
srranzed for switthing 28.00 '
ca . :
Two-psint chznnci !
for tho first 22n%cn in an oxShanso ' 30.00 .
for cceh azisiticnal Lizion in tho Somo oXchango 0.75
THeCS-2oint Or fLUren0INt Shanng
. fertha firstatotien in Ln oxchanna 3G6.00
. fecreochada.lionul staten In the soma oxsnsane 9.75

! NOTE: On a tarccerdint or “our-peint chanal', €4 cordaionin] asalics only batwoen ene exerania
ccs.zn:,qd LY 143 CUSLOAT 2P 5 o0 contrd! point) ond e of tne ciner two or three exchanges.
l €4 conditioning is not avaialic on ChSAnRSIS wWith More tnan four Boints.

TABLE 6: Monthly chernel-conditioning rates: - Private Line Service

PRIVATE LINZ SERVICE RATES [2]
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75% Loading 50% Loading 25% Loading
Full KATS 13.03 19.54 39.08
Measured WATS 22.57 25.39 28.78

TABLE 7:  WATS Base Rates ($1700/mo base) [2]

D 7

£5% Loading 50% Loading 25% Loading
Albuguerque, N.M. 11.88 17.82 35.64
Washington D.C. 13.68 20.51 41.02

TABLE 8: Leased Line Base Rates* (including connect time charges)

* Two terminal, two pt. line, C1 conditioning [2]

TELECOMMURICATICN BASE RATES
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Aruitoxt provided by Eic:

Remate-npatch entry

What the costs wal be

ALLIN-RASCOCK

€O PUTING, INC.

1830 Avernus of S1ass,
Los Ar-tes, Calif, 90087
213, 277.00G8.

CIRCLE NO 299

dvsle, (LA S
el and cGnvmisant e et
taguages Comor RPG o
Sort, Urrestnsteg  D1enct.
ey smA A
OrOGE 15 I8 (VL vuw LGE
acters Sast 1C0 380 erasce

tery free

e ot e

wctlannn! rheye

Storuge:: fieet 10H.GD0 clanuaren frre,
$6.L0 piee

areny wee LA GORODONO s 234
100,600 churentorry (1.UA waitey cenilyg
Reowote wte it 3225 hwoot Lgetsme smfty, $173 inue overright
Conversatimnal. wpp 10 $750 per wonth, 33,45 wmm o+ »
core, 1o 521.50 wmin. {45k) $750 or whove, worur, -
§14.00 ‘month 1CJ.CC0 waracters

[$1 2% I

COMPUTZA SCIENCES
630 N Sepulveacs divd
€l S-gundo, Coii. $0245.
2131678 0311,

CIRCLE NO. 29}

Zeow suppert for connsaees
tarm,ea, rciuCing 1M 1130
Remote-nacn  "Sagicss  wpie
WO avaename for uncoacdy e
fast turraround ens Can,
sungs Unieay 1108 s &re wed
suiedd  for wage  Lotepetes

T
NS ot

Pemote-tetch: $5.00 job pius S1.CQ  for tre firs? setone,
50, 5ec. 1o 30 secs for “Express’, 222¢-sec, for 7 Srond-
o1 18&¢ see. for ' Overnight”  Storage: 3¢, track
L0535 chetocters day): 310 heur connect chaige  Cen.
vespstanels 15 char, so¢, terminci, $11.00 per hour con-
cesr, 30 ¢ps: $13 nour. Cpu chorge 50¢, second. storaje:
£1.00,'pege 13,072 charactens) month,

COM-SHARE, INC.
2395 Huron Pawy.,
Ann Arbor, Mich.
48105.

1313V 761.4340.
CIRELE NO. 292

Sereree SUPRSIS G oGty <F
tow-spead forranis Sy re
compary s X0S 9405 .ac o
support  remote  BEe tormi
auls, nor Cozoi Lo -Snare’s
new A0S Swpma 7 does

Both sturdurd ond notionul serviee hove o 5400 monte
maimum cnd 3¢ each .Gl ninute procesung trie. Cone
nect 13 $10.00 hour stancaral, S13-hour {net,  Storage
oles6-ward-biock colensar day. These prces ose sud.
ject fo Giscounts ranging fram five 1o 50 gpetcent,

CONTROL DATA CORP.
4550 West 77th S,
Minneapole,, Minn, 55435,
1612, 920.55600.

CiRCLE NO 293

Cytretnet woell adepted 19 re
Prices
tor hee  ifferent tom.aiound
teguiren.enls
130 ard ¢ venery of 1ien.otes
baten retmanats COC mactanes
attrcchive  for  compute-bound
1003

ettt bt [N TR ITTTRNYS

Suppcrt for 1AM

Krovos: $8.G69 iour connccr, 205 sre. epu, 30011080 cnaur
month storage. Cybernet. 3300 22 L0-310 00, hour conneit,
6600 setvice: SI1C.'525 nour. Jaul ¢pu ranges from . o2
1o 3¢ sec 0000 service, starts af 400 sec Storas,e s n Duta
Blocks 1,230 sia-bit char.). Prives start a1 $§37.10 for 5,000
dota blocks.

GENERAL ELICTXIC 0.

7735 Oia Georgerewn Rd
Behesda, Mg 20014,
3015 654-9550.

Mera 1, Mars il, ard Mara
Jeilg do no! suppcer remotes
sareh terminais, G2 s Resource

1QIrOIe - SOICH  $CTVICE supPNCTHS

sark | cests 58.50 ‘nour connect plus S¢ computer reiource
unin® ows $V.73 progrem sicrese wnit (1,538 choel !
morth, sdork il conneet time is 37.L0 ncur, Swaps cost 25
thousond characters, CAU price 13 33¢ unit (retwork charce;

CIRCLE NO. 294 * sermrcls as fast os 2400 40¢i, pregram storage units {1,280 chars.) ere SIS vra
— month. Mark Delta service costs $7.6G0, hour, 25¢ 1CCO

{, O charadters, 300 CRU. !
NATIONAL €SS INC. System supports 1Bm 1130 Couversanonal  conneyt is $10.00 hour 252k bytes, gous

485 Summer St.,
Stomford, Corn 08901
:1203; 327.91GC.

CIRCLE NO. 295

computers, cmong  sirers, ol
well as gn cxtensive senct.on
of ren.cie-vaten terminals Co.
uol avuilatde,

$4.00 hour/additional  25¢k. EBuien connect cnarges e
$§10.00kovur. Cpu charges ae 38¢ sceond {conversatonui
24¢,second for batch 1, scivice jobs from &6 pm 1o & am),
16¢/second for Batchr 2 {jobs on 24.he, tyrn.around].

SERVICE BUREAU CORP.
400 Man.croneck Ave.
Hoerison, N.Y. 105¢8.
{9124) 6728-3903.

CIRCLE NO 2946

SEC s CALL 350 operating sys.
tom  w il not suport  remote.
BGt e entry, and 1he user Lune.
4ot dincornect until the ob s
complete - ading to his Hu
nnd connect dharges

Connect charges cre $11.CC nour for Teletype are 2741's
lccel, 513.80 rotwork. For 3CO-bova service the cherge s
$15.00 'hour, storege charges for bota tne network andd
normal CALt 300 opciation run in “components:” $1.50

3440 characters month [monthly component] and 15¢ 75440
charocters, day {daiiy component},

TYMSHARE, INC

£25 University Ave.
Palo Alte, Cciif, 94301
1418) 325-59%0

CIRCLE NO. 297

Giervace wttery vaers (ot and

Avserib iy langucts; Wil osup
ot g & wade selestior of
ternu.s witn speads oy ‘e 30
s WATS service 1o crost

local serviee runs $80 to 3320 month munnnum, $135.16,
hour connect hie and 4vssecond (pu time. Nerwork s
52200, month nuinimum, S35 nour connect, 40 second ¢Hu
Prees for cisk storage scc.e downwarss: te 500.000 crare
ociers. $1.00 1,000 chorcciers montn; up 1o two-rsiliion

214,721 57361

CIRCLE NO. 292

CLULY  watl L S ter W)
Cenol, Tersimct soin et e
cluees ot T30 0 ihéy e
gou for coMpLe-Lovtn G-
plicatiors

sates can cul covis  Rewore  chercciers month, 75¢.1,000; obove two-muliion the price
fFortiun ulso oftered drops to 50¢, 1060, .
UNIVIRSITY COAPUTING  Go et Betdds 1o wdtany, LCC tas thiee remote-outch sates.  pronity’” (81530 taour,
1549 Nain 5° . nrons gverrgy seaen Ueovae 103 oo “standeng © S12IQ howg ond o Tweeaeny T rate (81000
Dclics, Tea 7Ll07. guters fLr o Lur et e e noar, Cadhine Jrum s 14e biodk cay. fesbac s §7 IO

four dcontaecti, §$1 0 1,000 computer resouite unity S'arar e
Gerges e S00 1,003 chasccters wroate 1or ueman:! service,
251,000 cnoracters of storege is scheduied.

TACLE 9: i -wiore=Ticosuaring Costs [6]
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Comparetive Cests of

f\'@ . Distributing Alccrithms

via Magnetic Tape, Cird, Terminals




Fen dme v

(:] g WATS rates are figured on 174 ar./wo. (1 full shift per day). 75%
loading then would be 130.5 hr./ﬁo. usage. The $8.00/ar. connect time

chafge and the $5.20/CP sec. charge is added to each figure accordingly.

Leased line rates are figured on a 24 hr./day, 728 nr./mo. connact
time. Since Controi Deata Corporation makes no distinction batween remiote
batch and timesharing the connect time charge is included in the hourly

cost.

DOD line rates are figured on Message Schedule I, February 1, 1970
plus the connect time charge of $3.00/nr., CP sec. time charge of

$.20/CP sec.

3

Mailing rates for both tapes anc cards are figurad by airmail only.

Weight used doas not incluce packing.
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